SUMMARY One hundred twenty eight cervical carotid arteriograms were twice viewed by three readers for the evaluation of atherosclerotic disease at the carotid bifurcation. Stenoses were estimated using calipers to the nearest 5% and lesions were qualitatively characterized as smooth, irregular, or ulcerated. The intraobserver correlation coefficient between estimates of percent stenosis was .94 overall and .98 for the internal carotid artery. The average intraobserver variability in estimating percent stenosis was 5.23% for all vessels and 6.04% with a standard deviation of 8.09% for the internal carotid artery. The intraob server percent agreement at a fixed stenosis is denned as the percent of the time one reader on two readings would read at least the fixed percent stenosis among cases that might be read as having the fixed percent stenosis. The intraobserver percent agreement rate for the internal carotid artery was 95.9% at > 0% stenosis, 90.4% for 50% or greater stenosis, and 96.8% for 100% stenosis (total occlusion). The interobserver correlation coefficient between readers was .92 overall and .97 for the internal carotid artery. The absolute difference in percent stenosis between readers was 7.21% for all vessels and 8.64% for the internal carotid artery with a standard deviation of 9.5%. The interobserver agreement rate for the internal carotid artery at > 0% stenosis was 93.0%, 85.4% for 50% or greater stenosis and 96.8% at 100% stenosis. The addition of oblique views had no statistical effect on estimates of percent stenosis but increased the frequency with which irregularity and ulceration were diagnosed in the internal carotid artery.
CEREBRAL ANGIOGRAPHY remains the major di agnostic tool in evaluating symptomatic patients with extracranial occlusive disease and is also used as a reference standard for evaluating newer noninvasive diagnostic modalities. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Although major patient man agement decisions and evaluations of new techniques and equipment are based on angiographic interpreta tions, no detailed statistical analysis of observer vari ability has been performed. This study was designed to assess this variability and in addition to evaluate the contribution of oblique views to the characterization of stenotic lesions of the carotid bifurcation.
Materials and Methods
The angiograms of 100 consecutive patients who underwent cerebral angiography which included serial biplane filming of the cervical carotid arteries were reviewed. From this population, 64 cases were select ed on the basis of having AP, lateral and two oblique views of each carotid bifurcation which were of suffi cient technical quality to permit careful evaluation un der normal viewing conditions. AP and lateral films were obtained on 10 by'12 inch Schonander changers with the patient supine. The patient was then rotated en bloc 20 degrees away from the side of the catheter and the filming repeated producing "AP" and "lateral" oblique views. The 20 degree angle of rotation was chosen because of its easy reproducibility using stan dard positioning sponges. Nine ml of conray-60 were injected over 1.5 seconds and films obtained at a rate of 2 per second for 3 seconds. Each case consisting of both the left and right sides was then identified by number and the single best opacified view of the cervi cal carotid artery in each of the four projections for both sides was selected for viewing. Using standard statistical methods, each of three readers were given a different set of 16 cases, i.e. 32 carotid bifurcations, to read each week for 8 weeks which provided double reading of all cases for each reader. All three readers are graduates of the university hospital program at which the study was conducted and had at least 3 years experience in performing and interpreting the exami nations. Each reader had a slightly different area of special interest: neuroradiology, cardiovascular radi ology, and ultrasonography. For the purpose of this study, the distal 5 cm of common carotid artery and the proximal 2 cm of the internal and external carotid arteries were evaluated. For each segment, the reader was asked to estimate the maximum percent diameter reduction to the nearest 5% using calipers. The normal or estimated normal diameter used in this calculation was also recorded to the nearest .5 mm. Because the accuracy of the estimate of percent stenosis is depend ent on the estimate of the normal diameter, unsubtracted films were used so the observer could if he wished estimate the normal diameter using calcification in the arterial wall as a guide. If stenosis was present, the lesion was characterized as smooth, irregular, or ulcer- ated. If multiple lesions were present in one segment, the maximum diameter reduction and the most ad vanced qualitative assessment for the entire segment were recorded. This method of grading is illustrated in figure 1 . An ulcerated atherosclerotic plaque is seen involving the distal common and proximal internal carotid artery. Slightly more distal in the internal carot id the narrowing is more severe but has a smooth character. The internal carotid segment would thus be graded by the distal area of stenosis and proximal area of ulceration. An area of irregular narrowing is seen in the proximal external carotid artery. The statistical protocol called for 50% of the cases to be read once with and once without oblique views and 50% of the cases to be read both times either with or without oblique views. This data was analyzed by computer using standard statistical methods with an additional statistic called the "interobserver (or intraobserver) percent agree ment for a fixed percent stenosis" which estimates the probability that two readers (one reader on two read ings) would agree on the presence of a lesion of a fixed percent stenosis or more among cases that might poten tially be read as having at least the fixed percent steno sis.
With a large number of segments read as normal by multiple observers it appears that many segments are not potentially read as having a lesion, e.g. 50% or greater stenosis. Thus for a lesion that might be poten tially read as having a fixed amount of stenosis (e.g. 50% or more) what is the probability of reading steno sis of the fixed amount? For such segments let p be the probability of reading such stenosis. For two readers, or the same reader reading twice, we assume the read ings are independent, each with the probability of p. p is a conditional probability. It estimates the probabil ity of reading the fixed percent stenosis or more among cases where the fixed percent stenosis or more might be reasonably read. If the large majority of cases in a population were normal, this probability might be much less than the probability two readers would agree on a randomly selected case from the population. Changing the probability to a percent, by multiply ing p times 100, we call lOOp the interobserverpercent agreement for the fixed percent stenosis if the readings are from two different readers. For comparing the two readings from the same reader, the term intraobserver percent agreement for the fixed percent stenosis is used. Table 1 presents intraobserver agreement as the cor relation coefficient between the two estimates of per cent stenosis for each reader. The higher the correla tion coefficient the greater the agreement. The average intraobserver correlation coefficient was quite high at .94 and was .98 for the internal carotid artery. Table 2 presents an estimate of intraobserver variability and lists the absolute difference in the two estimates of percent stenosis. The mean absolute difference in per cent stenosis for the internal carotid artery was 6.04% with a standard deviation of 8.09%. The average in traobserver variability for estimating percent stenosis was 5.23%.
Results
Figures 2, 3, and 4 display observer variability and plots the percent stenosis of the first reading along the ordinate against the percent stenosis at the second read ing along the abscissa at 5% intervals from 0 to 100% stenosis. The number located at 0-0% represents the number of cases considered normal on both readings while the number located at 100%-100% represents the number of cases considered to be totally occluded on both readings. The diagonal which connects the 0-0% and the 100-100% points is termed the diagonal of agreement. The sum of the numbers along this diag onal divided by the total number of readings x 100% represents the % agreement to the nearest 5% stenosis. The horizontal distance between the number and the diagonal of agreement represents the degree of differ ence between the two estimates of percent stenosis. From these figures it can be noted that the common carotid artery had relatively few lesions considered to be hemodynamically significant and a relatively large number of cases which were considered normal at both readings (109). The internal carotid artery had the smallest number of cases considered normal on both readings (40) and the largest number of cases consid ered to be 100% stenotic on both readings (30). The external carotid artery had a broad spectrum of disease and the greatest number of cases in which both read ings were considered normal (167). Table 3 presents the intraobserver percent agree ment at specific points of clinical interest. From this table it can be seen that for the internal carotid artery which has the most clinically significant disease the > 0% stenosis intraobserver agreement percent is 95.9%, the 50% or greater percent stenosis boundary intraob server agreement percent is 90.4% and the 100% ste nosis intraobserver agreement percent is 96.8%.
In table 4 , the effect of classification on intraob server variability is shown. The five group classifica tion is the one that we are currently using to evaluate noninvasive ultrasonic methods and is thought to rep resent no disease, minimal disease, mild disease but not hemodynamically significant, hemodynamically significant disease, and total occlusion. Using this five group classification, the percent agreement for all three vessels was 82.5%. The six group classification was based on the assumption that diameter reductions of one half or one quarter might be more readily esti mated. However, it can be seen the percent agreement fell to 74.1%. Table 5 begins the discussion of the interobserver variability and displays the correlation coefficient be tween readers for each case for each reading. Correla tion coefficients for the internal carotid artery are again quite high, being .97, and the average interobserver correlation coefficient for all vessels is .92. Table 6 displays the absolute difference in estimates of percent stenosis between readers for each case. The average absolute difference in percent stenosis for the internal carotid artery was 8.64% with a standard devi- Average interobserver correlation coefficient for all vessels = .92. ation of 9.5%. The average interobserver variability in estimating percent stenosis was 7.21%. As expected, these values are higher than those observed with the intraobserver comparisons. Table 7 displays the interobserver percent agree ment at specific points of clinical interest. Compared to table 3, which depicts the intraobserver agreement, there was little change in the percent agreement for the internal carotid artery at the > 0%, 50% or greater arid 100% stenosis (93.0%, 85.4% and 96.8% respectively for the interobserver comparisons and 95.9%, 90.4% and 96.8% for the intraobserver comparisons).
Figures 5, 6, and 7 plot estimates of percent stenosis for each case on a scale of 0 to 100% at 5% intervals. For each case, one reader's estimate is plotted against another. As expected, there is more scatter about the diagonal of agreement and a decrease in the percent agreement. The overall distribution of estimates of percent stenosis is similar to that seen with the intraob server data.
The effect of classification on interobserver variabil ity of estimates of percent stenosis is shown in table 8. Again, the five-group classification yields the highest percent agreement (73.8%). Table 9 displays the effect on interobserver variability of using the average value of 2 readers' estimates of % stenosis rather than a Using the sign test the difference in estimates of percent stenosis between the first and second readings for reader pairs was compared to the difference in the two estimates of percent stenosis for the other reader. The values were -2.0, -2.83 and -3.63. All were statistically" sig nificant at the p < .05 level and the last two values were significant at p < .005 and p < .0002. We con clude for these radiologists that two readers give a more precise reading than a single reader. Substitution of computer-derived estimates of percent stenosis based on the measurements recorded to the nearest 0.5 mm did not improve the intra-or interobserver results.
The last phase of the study evaluates the effect of oblique views. Table 10 shows the effect of oblique views on the estimate of percent stenosis. In 288 of the comparisons (50%), the percent stenosis was equal whether all four views or only the AP and lateral views were used. In 157 (27%) the estimate of percent steno sis was greater when all four views were used and in 131 (23%) the estimates were less. No statistically significant effect was observed. Table 11 shows the effect of the addition of oblique views on the qualitative assessment of stenotic lesions in the internal carotid artery. In 134 cases (69.8%) there was agreement between four views and two views. However, in 42 cases (21.9%) the lesion was considered more advanced with the addition of oblique views while the reverse was true in only 16 cases (8.3%). This difference was statistically significant at the p.< .001 level. This effect was seen only in the internal carotid artery.
Discussion
It is concluded from this study that trained observers using calipers have an acceptable rate of agreement in estimating percent stenosis in the extracranial carotid system. This is particularly true in the internal carotid artery where most clinically significant disease is found. For the internal carotid artery the intraobserver and (interobserver) agreement rates were 95.9% (93%) at > 0% stenosis, 90.4% (85.4%) for 50% or greater stenosis, and 96.8% (96.8%) for 100% stenosis. The observer agreement rates reported in this study are higher than those reported by other authors. Yerushalamy 13 reported an agreement of 80% for the same observers and an agreement of 69.9% for pairs of read ers when six readers twice viewed 150 pairs of serial chest radiographs to assess interval change in patients with pulmonary tuberculosis. Felson et al 14 reported 78% agreement between observers when radiologists were asked to determine the presence or absence of pneumoconiosis. Norden et al 15 reported an 80% agreement rate between two radiologists assessing the changes of chronic pyelonephritis on excretory uro grams. Chikos et al 16 found intraobserver agreement 80% of the time when 10 radiologists were asked to assess total heart size on frontal and lateral chest radio graphs. McLachlan intraobserver agreement and 63% to 75% interob server agreement when two experienced radiologists interpreted radiographs of the sellar region. While our study was not designed to statistically evaluate the usefulness of calipers the angiographers involved con tinue to use calipers in daily practice and recommend their use for routine estimates of diameter reduction. Pepin et al 18 using ah animal model with coronary artery constrictors found a definite increase in interob server agreement rates when calipers were used to measure diameter reductions: Our methodology seems less Well suited for detect ing small differences in percent stenosis. The applica tion .of computer methods is now only beginning. Dodge's group' 9 has developed a computer method for digitizing coronary arteriograms. A pair of radio graphs made perpendicular to each other are projected on a large screen marked off in x-y coordinates at a 5-fold magnification. The lesions are then traced in out line by three trained observers. Normal portions of the artery both proximal and distal to the diseased segment are included. The computer then calculated the diame ter, percent stenosis, cross sectional area,, and the length and mass of the atheroma. Their methodology may prove difficult in evaluating the proximal internal carotid artery because of the normal variability in size and shape.of this segment. .. The other significant finding in this study is that the additional views do not significantly change the esti mates of percent stenosis. DeWeese et al 20 noted there Was close agreement between the angiographic assess ment and the degree of narrowing seen on gross patho logic inspection. If mild degrees of narrowing are man aged conservatively then oblique views would not seem indicated. We recommend that oblique views of the carotid bifurcation be obtained when detection of ulceration would alter patient management or the addi tional information would be useful in the basic study of this disease.
